ABSTRACT A fibroblast-like cell culture was established from a stomach biopsy of a patient with metastatic adenocarcinoma. One of the cultures, at the 6th passage level, left unattended for a month at 370, produced numerous foci of epithelioid cells. Upon subculturing, an epithelioid cell line, designated HCCL (human carcinoma cell line), was established. The HCCL cells released particles possessing the characteristics of oncornaviruses: density 1.175 g/ml, cores with a density of 1.22-1.26 g/ml, high-molecular-weight RNA (60-70S) and RNA-instructed DNA polymerase activity (deox- (Gibco). After stirring on a magnetic stirrer for 30 min, the dispersed cells were centrifuged at 800 X g for 10 min, resuspended in basal Eagle's medium supplemented with 10% fetal calf serum (Gibco), and seeded at a concentration of 106 cells per 10 ml of medium in milk bottles. Following incubation at 370 the cells formed monolayers and were further passaged in vitro after a brief treatment with 2.5 mg/ml of trypsin (Difco).
designated HCCL (human carcinoma cell line), was established. The HCCL cells released particles possessing the characteristics of oncornaviruses: density 1.175 g/ml, cores with a density of 1.22-1.26 g/ml, high-molecular-weight RNA (60-70S) and RNA-instructed DNA polymerase activity (deoxynucleosidetriphosphate:DNA deoxynucleotidyltransferase, EC 2.7.7.7). Inogulation of particles released from HCCL cells into cultures of human embryo muscle fibroblasts resulted in the appearance of foci of transformed cells. To establish an etiological role for viruses in human neoplasia, it will be necessary to unambiguously satisfy Koch's postulates. Until an animal susceptible to human oncogenic viruses is found, definitive prwof that cancer is of viral etiology will not be obtained, even after the isolation of human oncornaviruses from neoplastic cells and tissues. This difficulty has been partially overcome by biochemical means. Spiegelman and his co-workers (1) (2) (3) (4) (5) have shown that human neoplastic cells obtained from leukemias, sarcomas, and lymphosarcomas contain RNA molecules that exhibit homology to Rauscher leukemia virus RNA. Gallo and his coworkers similarly demonstrated the presence of reverse transcriptase activity (RNA-dependent DNA polymerase; deoxynucleosidetriphosphate:DNA deoxynucleotidyltransferase, EC 2.7.7.7) in human leukemic cells (6) (7) (8) . The leukemic cells contain 70S viral RNA molecules associated with an RNAdirected DNA polymerase (9) . It was found that C-type oncornavirus particles are released from leukemic cells (10) and human lymphoma cell lines* after incubation in vttro in an arginine-deficient medium. These findings suggest that virus-related components exist in human neoplastic cells and that virus formation by these cells is inducible. However, the role of these particles in human oncogenesis is 
RESULTS

Establishment of the Human Carcinoma Cell Line (HCCL).
A cell line was established from a biopsy of metastatic adenocarcinoma of the stomach. The initial culture derived from the tumor contained mainly fibroblast-like spindle-shaped cells. During six subsequent passages, over a period of 4 weeks, these cells formed monolayer cultures with a high growth rate and no visible cytopathology. Two months after initiation of the cultures, a culture in a Roux bottle, kept for 1 month at 370 without transferring and refeeding, developed numerous foci of epithelioid cells. It is not known whether these cells preexisted in the cultures or were "spontaneously transformed" in vitro. These cells were further propagated and a cell line designated HCCL was established. Chromosome analysis at the third passage level revealed human chromosomes with a modal number in the range of Sn (115 4 [3H]uridine were centrifuged in another gradient to serve as an external marker. Labeled particles released from HCCL cells banded at a density (1.18 g/ml; Fig. 1A ) slightly higher than that of Rous sarcoma virus (1.16 g/ml; Fig. 1B ). This technique was used throughout the study for the isolation of virus-like particles. The band in Fig. lA 'is broader than that obtained with Rous sarcoma virus, which was used as a marker (Fig. 1B) . This suggests that the particles isolated from the HCCL medium may be contaminated with cellular components.
Reverse Transcriptase Activity in the Particles Released from HCCL Cells. To determine whether the particles released from HCCL contain RNA-directed DNA polymerase activity, particulate material from the medium of unlabeled cultures was concentrated and centrifuged in a sucrose gradient as described in Fig. 1A . The gradient was collected dropwise and each fraction was divided into two portions, both of which were treated with NP-40 at a final concentration of 0.02% (v/v). One portion was also treated with RNase A prior to assay of the RNA-directed DNA polymerase. RNase-sensitive DNA polmerase activity was located in particles banding in the gradient at densities of 1.175 g/ml and 1.195 g/ml ( Fig. 2A) . RNase-resistant DNA polymerase activity was found at the top of the sucrose gradient ( Fig.  2A) . A similar result was obtained with the experiment presented in Fig. 2B . These experiments were repeated five times with the same results.
Isolation of "Cores". Treatment of oncornaviruses with nonionic detergents disrupts the virions and releases the viral core with a buoyant density ranging from 1.20 to 1.26 g/ml (14, 15) .
We determined whether this criterion also applied to the particles released from HCCL cells. Concentrated particles isolated from the density region 1.16-1.18 g/ml in sucrose gradients were divided into two portions. One was left untreated while the other received NP-40 at a final concentration of 0.5% in the presence of 0.25 mM dithiothreitol. Both preparations were again centrifuged in sucrose density gradients and each fraction was then assayed for the RNA-instructed DNA polymerase. The DNA polymerase activity of the untreated particles was found at a density of 1.17 g/ml (Fig. 3A) . After treatment of the particles with NP-40, the The particles were isolated in sucrose gradients according to the method described in Fig. 1 . The endogenous DNA polymerase activity in the untreated and RNase-A-treated fractions was determined (see Materials and Methods). A and B are two typical experiments.
reverse transcriptase activity appeared at densities of 1.22 and 1.26 g/ml. This is similar to the density of the cores obtained from C-type virus particles. Pretreatment of the particles from these two regions with ribonuclease destroyed all the polymerase activity (not shown), indicating that the DNA polymerase in the core-like particles is RNA-dependent.
Isolation of 70S RNA and RNA-DNA Hybrid. The radioactive RNA present in the particles isolated from the density region 1.16-1.18 g/ml in sucrose gradients was extracted and analyzed by centrifugation.
[3H]Uridine-labeled 70S RNA of Rous sarcoma virus was used as an external marker. Fig. 4 shows that 70S RNA molecules were isolated from the particles released from HCCL cells. This experiment was repeated five times with exactly the same results. It is of interest that some of the labeled' RNA isolated from HCCL particles had a sedimentation coefficient of 90 S. The nature of this RNA species is not yet known.
To show that the RNase-sensitive DNA polymerase activity associated with the HCCL particles is indeed due to a reverse transcriptase, we studied the ability of the enzyme to synthesize DNA strands on 70S RNA templates (Fig. 5) . The particles from sucrose gradients were treated with and incubated in vitro under the reverse transcriptase assay conditions. At the end of the reaction, the labeled RNA. DNA hybrid molecules were extracted and sedimented in sucrose gradients under conditions that permit isolation of 70S RNA molecules (13) . The 70S RNA molecules isolated from RSV particles were used as a marker (Fig. SB) . The analysis revealed that 70S RNA*DNA hybrid molecules were synthesized in vitro by the DNA polymerase present in the HCCL particles (Fig. 5A) . The ribonuclease sensitivity of both density regions. The particles banding at the higher density may be the cores of the particles banding at a density of 1.175 g/ml. Alternatively it is possible thattwo different viruses were isolated from HCCL cells.
The particles released from HCCL cells contain a ribonuclease-sensitive DNA polymerase capable of transcribing DNA on a 60-70S template and forming 70S RNA-DNA hybrid molecules. Analysis of the RNA present in labeled particles revealed, under our experimental conditions, two kinds of RNA molecules sedimenting at 60-70S and 90S. The 60-70S RNA is recognized as the genome of all oncornaviruses, while the 90S RNA could be 70S RNA that was not sufficiently deproteinized or it could be another viral genome.
Thus we have demonstrated that particles released from human cancer cells not only fulfil the criteria established for type-C viruses, but also have the ability to transform human cells cultured in vitro. We have shown that human neoplastic cells harbor viral genetic material, which can be expressed under favorable, but not yet defined, conditions.
